It is reasonable to infer that patients with CSM are at a higher risk of subsequent SCI because of the predispos ing factor of cervical spinal stenosis. However, evidence has been scarce for this intuitive assumption. The Joint Guidelines Committee of the American Association of Neu rological Surgeons and the Congress of Neurologi cal Surgeons suggested that among patients with cervi cal stenosis without myelopathy, the presence of abnor mal electromyography findings or the presence of clini cal radiculopathy is associated with the development of symptomatic CSM. 10 Therefore, surgical decompression is warranted in these selected CSM patients. Neverthe less, the risk of SCI in patients with CSM still requires validation.
This study aimed to provide a populationbased epi demiological investigation of CSM and analysis of the subsequent risk of SCI if the CSM is managed nonopera tively. The authors used the NHIRD, which is a national database provided by the NHRI of Taiwan containing 23 million administered insurants recorded from January 1997 to December 2009. This unique governmentoper ated insurance system has an extremely high coverage of more than 99% of the population and finances health care for the entire population by offering unrestricted access to any health care provider of the patient's choice. Because of the universal coverage that this database provides, this investigation can yield a sound epidemiological overview of the incidence of CSM, patients' use of medical care, and risk of subsequent adverse events including SCI.
Methods

Database
This study used the NHIRD, which included all claims data from Taiwan's National Health Insurance pro gram. The study was approved by the institutional review board of the Taipei Veterans General Hospital, Taiwan, because the NHIRD contains anonymous secondary data released to the public for research purposes. 2 
Hospitalization and Surgical Procedures
In the NHIRD, diagnosis of every admission is re corded by the ninth version of the ICD9. During the study period, all hospitalized patients discharged with the diagnostic code for CSM (721.1) were identified from the cohort.
The incidences of hospitalization for CSM were de termined by identifying individuals who were followed up for more than 1 year and newly hospitalized with the abovementioned CSM discharge code between January 1, 1998, and December 31, 2009. The incidence rates in this study were estimated by the incidence density.
The date of the recorded incidence of CSM (the index date) was designated as the first date of each patient's spe cific hospitalization. Subsequent spinal surgery was de termined by any event of hospitalization with procedure codes of spinal fusion (ICD9 procedure codes 81.02-3 and 84.61-2) or spinal decompression (03.02, 03.4x, 80.99, and 80.51) within the 12 months immediately fol lowing the index date. These procedure codes included cervical laminectomy, laminoplasty, discectomy, corpec tomy, and anterior or posterior spinal arthrodesis. In the ory, common surgical procedures for CSM (for example, anterior, posterior, and combined anterior and posterior approaches) were all included in this analysis.
Operated Versus Control Groups
All of the CSM patients identified were divided into 2 groups. The operated group comprised individuals who underwent any of the aforementioned surgical procedures after the index date. The control group comprised subjects who did not receive the abovementioned surgical proce dures. Prior admission for cervical SCI was determined by hospital records with the corresponding discharge di agnostic codes (ICD9 codes 952.0x and 806.0-1) before the index date. After exclusion of all prior cervical SCIs, all subjects with CSM were followed up for subsequent events of SCI.
Covariates and Outcomes
Comorbidities of CSM were identified by the pres ence of either diagnostic codes of outpatient records or discharge codes of hospitalization records 6 months be fore the index date to the date of outcome event or the end of followup. These comorbidities included osteoarthrosis (ICD9 code 715.x), osteoporosis (733.0x), rheumatoid ar thritis (714.x), diabetes mellitus (250.x), and hypertension (401-5.x). To further adjust baseline differences between the 2 groups, propensity scoring took into account all of these comorbidities as covariates, and propensity scores were calculated by logistic regression analysis. 16 Cervical SCI was considered as the outcome of CSM and the endpoint in the present study. Hospitalization for cervical SCI was determined by using the date on the hospitalization records that had a discharge diagnostic code for cervical SCI (ICD9 codes 952.0x and 806.0-1) after the index date.
Statistical Analysis
All data were analyzed using the STATA software for generating descriptive statistics and creating contin gency tables. The incidence density method was used to estimate the age-and sex-specific incidence for CSM. The KaplanMeier method and logrank tests were used to estimate and compare the incidence rates of hospital izations for SCI. The Cox proportional hazard model with propensity scores was used to compare the incidence rates of subsequent SCI between the 2 groups after adjustment for the aforementioned covariates. A p value < 0.05 was considered statistically significant.
Results
Incidence of CSM
Between 1998 and 2009, 14,140 patients recorded in the NHIRD were hospitalized for CSM, with a total followup of 349.5 million personyears. The overall in cidence of CSMcaused admissions was 4.04 (95% CI 3.98-4.11) per 100,000 person-years. Age-specific and sex-specific incidence rates are shown in Fig. 1 , indicating a higher incidence of CSM in males and in older patients. The highest incidence of CSM among males and females was 28.9 and 15.3 per 100,000 personyears in patients 70 years and older, respectively.
Incidence of SCI in CSM Patients
A total of 14,140 patients with CSM were followed up for 13,461 personyears. Of these patients, 166 were subsequently hospitalized for SCI. The overall incidence of SCI in the CSM patients was 12.33 per 1000 person years.
Patients in the control group and those in whom CSM had not been surgically managed were more likely to be hospitalized for SCI than patients who underwent surgery for CSM. The incidence rate of SCI requiring hospitaliza tion in the control group (13.90 per 1000 personyears) was 1.48 times higher than that in the operated group (9.39 per 1000 personyears). The crude HR for hospital ized SCI was 1.48; after adjusting for comorbidities, the HR was 1.57, suggesting a more than 1.5fold higher SCI incidence rate in the control group than in the operated group (Table 1) .
The CSM patients in the operated group had a sig nificantly lower probability of hospitalization for SCI in the 12 months of followup after the index date. The cu mulative incidence rate of hospitalization for SCI in the control group was 1.39% (95% CI 1.16-1.66), which was significantly (p = 0.03, log-rank test) higher than that in the operated group (0.94%, 95% CI 0.70-1.26) (Fig. 2) . The cumulative incidence rates of hospitalizations due to SCI in the control and operated groups showed a parallel increase within 12 months from the index date.
Discussion
With 14,140 patients included, this study is the larg est to date that has analyzed the incidence of CSM and its association with risk of SCI. This study of a compre hensive nationwide cohort surveyed over a total period of more than 12 years has shown that CSM caused hos pitalization at a rate of 4.04 per 100,000 personyears. Higher incidences for CSM were found in the elderly and in male patients. The incidence of SCI in these patients with CSM was as high as 12.33 per 1000 personyears. Moreover, cervical SCI was approximately 1.5 times more likely to ensue in CSM patients who were managed without surgery than in those who underwent surgery to treat CSM. Therefore, patients with conservatively treated CSM should be cautioned about the possibility of subsequent SCI. This report is the first focused on the epidemiology of CSM on a national scale. As previously reported, CSM is more commonly seen in older and male patients. 13 Furthermore, previous reports have also noted higher incidences of cervical OPLL-a known cause of CSM-among elderly and male patients. 21 These results imply a degenerative nature of CSM and cervical OPLL.
One may intuitively infer that patients with CSM are at higher risk of SCI because of preexisting spinal stenosis. Although a significantly smaller spinal canal di ameter has been shown in cases of CSM, 4, 12 evidence is scarce in the literature for supporting the theory that spinal stenosis predisposes individuals to SCI. Coexist ing OPLL has been reported to be associated at a rate of 6.5%-10.1% in cervical SCI in different series. 5, 14, 20 Mi nor trauma or a relatively small external force can cause ‡ The crude hazard ratio was statistically significant (p = 0.023). § The hazard ratio was adjusted for patients' age and sex, and the propensity scores for this adjustment were calculated by taking into account diabetes, hypertension, osteoporosis, rheumatoid arthritis, and osteoarthritis as covariates. ** The adjusted hazard ratio was statistically significant (p = 0.011).
SCI in OPLL patients because of the narrowed spinal ca nal in these patients. 5, 21 Cervical OPLL is one of the eti ologies of CSM, and these 2 pathologies should therefore share many similar features. However, clinical trials have not supported the assumption that patients with spinal stenosis are prone to SCI.
The incidence rate of SCI in this study was as high as 12.33 per 1000 personyears. This rate is extremely high when compared with the incidence rate of cervical SCI for the general population (0.13 per 1000 personyears). 19 The present study also demonstrated that conservatively managed CSM patients were at higher risk of SCI. Hence, CSM might be regarded as a risk factor of SCI.
The natural history of CSM is still unclear; thus, the best management and timing of any intervention remain debatable. 8, 10, 17, 22 It has been suggested that SCI might be a part of the natural course of CSM. 15 However, presen tations of patients with CSM are widely variable: some CSMs are quiescent and insidious, and rapid neurological deterioration can develop after a latent period. Treatment of mild CSM may involve surgical decompression or non operative therapy for the first 3 years after diagnosis.
11
Management of CSM is justified not only to facilitate neurological recovery but also to prevent functional de terioration or SCI. Moreover, the present study included only CSM patients who had been hospitalized. Recorded outpatients with CSM of variable severity were not in cluded in this study. As was observed in this hospital based dataset, the majority of CSM outpatients might not progress to SCI. This caveat must be noted before inter preting the results in this report as being representative of the history of CSM.
There are limitations to this study. A remarkable he terogeneity existed in the group of CSM patients includ ed here, which might have caused bias in the outcome analysis of SCI. This is an inherent limitation because the NHIRD does not incorporate records of neurologi cal examinations. Using this database, it is also impos sible to trace medical charts for evaluation of each indi vidual's neurological function. The presence or severity of myelopathy upon hospitalization for CSM or SCI is not available for analysis and thus is subject to substan tial variability. Nevertheless, all CSM patients included in the present study had been hospitalized. Admission for evaluation or treatment indicated moderately or severely symptomatic CSM, which increases the clinical relevance of this analysis.
Furthermore, selection bias might have occurred in both the control group and the operated group. Patients who were managed surgically were likely different from those who were managed only with medication and reha bilitation. This issue was addressed by propensity scor ing and logistic regression analysis including all known covariates.
In addition, the coding in the NHIRD is used for bill ing and social welfare benefits, so it is prudently and in ternally monitored. Fraudulent coding is subject to heavy penalties, and a validation study has suggested the reli ability of the diagnostic codes in the NHIRD. 3 Because of the complete coverage of the National Health Insurance in Taiwan, the longitudinal followups for subsequent SCI events are comprehensive and highly accurate. Loss of followup for SCI can only occur when the patient dies at the scene or moves to a foreign country. Therefore, this report provides sound and accurate epidemiological data.
The results of the present study are valuable for re search into the epidemiology and natural history of out comes among patients with CSM. Also, the data may be of help in the management of CSM, especially for the pre vention of SCI. However, this study did not take into ac count the risks and complications associated with surgery among the patients with CSM. Whether the treatment related benefit (that is, protection against SCI) can offset the risks and complications of surgery remains unclear. Future studies on a larger scale, with longer followup, and with a more detailed classification of the patients' neurological functions are needed to establish a treatment algorithm.
Conclusions
In a national cohort of eastern Asia, the incidence of CSMcaused hospitalizations was 4.04 per 100,000 personyears, with a higher incidence of CSM observed in older and in male patients. Subsequent SCI was more likely to develop in CSM patients who received nonoper ative management than in those who underwent surgery. Therefore, patients with CSM should be cautioned about the risk of SCI if managed without surgery. However, fur ther investigation is required to clarify the risks and com plications associated with surgery.
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